Abstract. Judicious application of chemical fertilizers can significantly enhance the biochemical constituents of agriculturally important crop plants. Present study deals with the effect of indigenous input with reduced dose of chemical fertilizer towards biochemical contents of mustard leaf; a field experiment was conducted in a randomized complete block design (RCBD) pattern with three replications during two consecutive winter seasons of 2011-2012 and 2012-2013 under old alluvial soil zone of Burdwan, West Bengal, India. Pseudomonas putida, Burkholderia cepacia, Burkholderia sp. and their mixture were used as indigenous biofertilizer for mustard cultivation. Results revealed that indigenous inoculation (with reduced dose of chemical fertilizer) significantly increased (p<0.05) the biochemical contents (chlorophyll, carotenoids, carbohydrate and protein) of mustard leaf as compared to uninoculated control (full recommended dose of NPK fertilizers). The comprehensive approach of plant growth promoting rhizobacteria (PGPR) in agriculturally important crops should be carried out to explore the hidden potential of PGPR and to promote the quality and yield of crop under field conditions.
INTRODUCTION
Mustard (Brassica campestris) is one of the most important oilseed crops containing high quality edible oil. Among the seven edible oilseed cultivated in India, rapeseed-mustard (Brassica spp.) contributes 28.6% in the total production of oilseeds. In India, it is the second most important edible oilseed after groundnut sharing 27.8% in the India's oilseed economy (Shekhawat et al., 2012) . Mustard is a major rabi crop requires relatively cool temperature, moist growing season and dry harvest period. The crop can be raised well under both irrigated and rainfed conditions. Moreover, it is easy to cultivate and grown in different conditions and soils.
Several factors responsible for low yield; and are mainly poor soil type, out dated varieties and/or lack of modern technologies used for cropping. The application of suitable fertilizers in appropriate doses is considered as one of the most important factors for increasing crop yield per unit area. Conventional agriculture plays a significant role in meeting the food demands of a growing human population, which has also led to an increasing dependence on chemical fertilizers and pesticides (Santos et al., 2012) . Since the environmental and health problems arising from chemical fertilizers usage, attention has been drawn to the application of biological fertilizers in agriculture. 'Sustainable agriculture' is a method of farming system that are productive and profitable, conserve the natural resources as well as protect the environment for a long period (Mukhopadhyay et al., 2013) . Biological fertilizers or biofertilizers contain useful microorganisms, which could colonize the rhizosphere and promote plant growth through increasing the supply or availability of essential nutrients to the plants (Vessey, 2003) . Biological nitrogen fixation by living nitrogen fixers will help to minimize the amounts of N fertilizer to be added, improve plant growth and decrease the production cost and environmental risk (Aly et al., 1999; El-Hawary et al., 1998) . However, absolute use of biofertilizer may not enhance the productivity of the food grain. They cannot replace the chemical fertilizers for getting maximum crop yields. The improved level of productivity was achieved by combined application of biofertilizer and chemical fertilizer (Banerjee et al., 2010) . Therefore, our objective of this current study was to assess the impact of combined exposure of reduced dose of chemical fertilizer and biofertilizer in relation to biochemical constituents of mustard (Brassica campestries cv. B 9 ) crops. Several scientists (Gupta, 2004; El-Komy, 2005) worked on the rhizobacteria applications on cereals crops, but very limited work was reported on oilseed crops, especially, mustard under old alluvial soil. Three potent rhizobacteria (Pseudomonas putida, Burkholderia cepacia and Burkholderia sp.) were isolated from the rhizosphere and their plant growth promoting activities were studied in vitro (Dutta, 2014) . These indigenous species are potent phosphate solubilizers, nitrogen fixers, indole acetic acid producer and also have some antifungal activities (Dutta, 2014 ). An experiment was laid down in the Crop Research and Seed Multiplication Farm of The University of Burdwan to evaluate the impact of these indigenous microflora with reduced dose of chemical fertilizer as well as screening of best combined dose of biofertilizer and chemical fertilizer of mustard cultivation in relation to the biochemical contents of mustard leaf under this agroclimatic conditions of old alluvial soil zone of Burdwan.
MATERIALS AND METHODS

Experimental field
Field experiments were conducted during the two winter seasons of 2011-2012 and 2012-2013 with mustard crop under the old alluvial soil zone of the Crop Research and Seed Multiplication Farm, The University of Burdwan, Burdwan, West Bengal, India. The latitude is 87°50′37.35″ E and longitude is 23°15′7.29″ N with an average altitude of 30 m above mean sea level.
Climatic condition
Meteorological data were recorded and some data were collected from the College of Agriculture, Bidhan Chandra Krishi Viswavidyalaya, West Bengal. Maximum and minimum temperature, rainfall, relative humidity was represented graphically in Figure 1 . Climatic factors of both the growing seasons are more or less similar and suitable for mustard cultivation.
Physico-chemical properties of soil
The experimental soil is mainly old alluvial type. The percentage of the different components of soil was: sand (0.02-0.2 mm), slit (0.002-0.02 mm) and clay (<0.002 mm) ranges between 22.34%, 38.35% and 26.24%, respectively (Mondal et al., 2015) . pH (6.21) of the soil was slightly acidic. Organic carbon (0.96%); and NPK values ranges between 9.85 -14.66 mgkg -1 which are suitable for mustard cultivation.
Collection of seeds
Crop was Brassica campestris, variety B 9 was collected from the Crop Research and Seed Multiplication Farm, The University Burdwan, West Bengal, India.
Production of inoculants
These strains (Pseudomonas putida, Burkholderia cepacia and Burkholderia sp.) were grown to high population in nutrient broth medium with mild shaking (120 rpm) at 28°C. After an incubation period of 2-3 days the broth culture became ready to be mixed into a suitable carrier material.
Preparation of seed
At first mustard seeds were surface sterilized with 0.1% mercuric chloride (H g Cl 2 ) solution. Then rinse with distilled water thoroughly. The seeds were dipped for 5 hrs in bacterial suspension, both individual (for T 1 -T 3 ) and in combined (for T 4 ) culture. Some seeds dipped in distilled water and served as control (T 5 ). The seeds were coated with actively growing bacterial culture by the help of a chelating agent (a sticker, gum acacia), so that a high number of superior bacteria remained present when the crop root emerges. Seeds were then air dried slightly and used for field experiment.
Experimental treatment combinations
Five different combinations of bacterial inoculants and chemical fertilizers were applied in the field as separate treatments including: T 1 -Pseudomonas putida + 25% reduced dose of nitrogen fertilizer (75 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K); T 2 -Burkholderia cepacia + 25% reduced dose of nitrogen fertilizer (75 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K); T 3 -Burkholderia sp. + 25% reduced dose of nitrogen fertilizer (75 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K); T 4 -(Pseudomonas putida + Burkholderia cepacia + Burkholderia sp.) + 25% reduced dose of nitrogen fertilizer (75 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K) and T 5 -Control -Full recommended dose of chemical fertilizer (100:50:50, i.e., 100 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K) for both years. Chemical fertilizers were applied according to the Directorate of Agriculture, Government of West Bengal at the recommended dose (100:50:50) for mustard cultivation (Bhattacharyya, 1998) . Chemical fertilizers were used in the form of urea, single super phosphate and muriate of potash as the source of N, P and K, respectively. With bacterial inoculant application, 25% reduced dose of nitrogen fertilizer (urea) was used. As per the guidelines of the Department of Agriculture, chemical fertilizers were used in two splits such as ½ N + Full P + Full K as basal and ½ N as top dressing. Two hand-weeding at 15 DAS (days after sowing) and 40 DAS were carried out in each season.
Layout of the experimental field
The experiment was conducted in the randomized complete block design (RCBD) technique with three replications with individual plot sizes of 4 m x 3 m, row to row spacing was 25-30 cm and plant to plant spacing was 10-15 cm. The land was prepared by mechanically ploughed and harrowed. Irrigation channels were 0.5 m wide in between the replications for the easy and uninterrupted irrigation of the individual plot independently until crop grown up to the maturity stage.
Experimental techniques
Physiologically active leaf (3 rd and 4 th from the top) samples were plucked randomly at intervals of 15 DAS (days after sowing) from 30 DAS to 60 DAS from each plot under different treatments to determine the biochemical contents such as total chlorophyll, carotenoid, total soluble sugar, total soluble protein and proline content. Chlorophyll contents (mgg -1 fresh weight) were determined through organic solvent (80% acetone) extraction method as described by Arnon (1949) . Carotenoid content was estimated by the method of Kirk and Allen (1965) . Composite samples of leaf were crushed separately in a mortar with 10 ml of distilled water, poured in test tube and centrifuged at 10000 rpm for 10 minutes. The supernatant was used for soluble sugar estimation by using anthrone reagent as described by McCready et al. (1950) ; protein content was determined by the method of Lowry et al. (1951) ; and proline content was determined by the method of Bates et al. (1973) .
Statistical analysis
All the experimental data were analyzed separately with two-way ANOVA analysis and values were expressed as the mean of three replicates. All the experimental data were subjected to statistical analysis using MINITAB software. The statistical significance of differences between the different treatments was compared using DMRT (Duncan's Multiple Range Test) at 5% confidence interval (Gomez and Gomez, 1984; Panse and Sukhatme, 1967) .
RESULTS AND DISCUSSIONS
Biofertilizers, especially plant growth promoting rhizobacteria (PGPR), are the most reliable replacements for the chemical ones in sustainable agroecosystems nutrient management. The effect of PGPR on crop productivity varies between laboratory and field conditions. Soil is an unpredictable environment and climatic variations also have a large impact on the effectiveness of PGPR under field conditions. The plant growth promoting strains were carried from lab to land and the observations, on the basis of biochemical contents in leaves of mustard, were represented in Table 1 -5.
Chlorophyll and Carotenoid contents in leaf (mg/g)
Photosynthesis is the main determining factor for the enhancement of crop productivity (Banerjee et al., 2012a (Banerjee et al., , 2012b . When plant pigment (chlorophyll and carotenoid) contents were tabulated it was observed and recorded that maximum pigment contents were found with T 4 treatment (mixed bacterial inocula + reduced dose of chemical nitrogen fertilizer) in both the years of experiments from 30-60 DAS. In all the biofertilizer treated plots (T 1 -T 4 ) chlorophyll contents were 0.588-0. (Table 1) . In all the cases of combined application of biofertilizer with chemical fertilizer causes significant enhancement of total chlorophyll content of leaves of mustard which may be due to uptake of magnesium from soil under the influence of beneficial microorganisms (Yildirim et al., 2011) . Magnesium is one of the main constituents for chlorophyll synthesis in green plants. Carotenoid contents also showed the similar results. Maximum carotenoid content was found with T 4 treatment (0.097 mgg -1 and 0.114 mgg -1 during first and second crop growing seasons, respectively) on 60 DAS in physiologically active leaves (Table 2) . Plant pigment contents were recorded to be minimum with T 5 treatment (full recommended dose of chemical fertilizer) during both the years of experiments. It was also observed that, plant pigment contents were maximum at the middle phase of the plant growth cycle (45 DAS).
Dutta et al. Evaluation of Indigenous Rhizobacterial Strains With Reduced Dose of Chemical Fertilizer towards Biochemical Constituents of
Mustard Leaf (Brassica Campestris) Nitrogen fixing plant growth promoting rhizobacteria increased chlorophyll and carotenoid contents due to supply of more amount of nitrogen to the tissues and organ of the growing plants and it was reflected in their leaves. Almost similar observation was reported by Yeganehpoor et al. (2016) 
Sugar content in leaf (mg/g)
Sugar content of the leaf is directly proportional with the rate of photosynthesis of plant which is also dependent on the level of chlorophyll content of leaf. In case of soluble sugar estimation in physiologically active leaves, maximum carbohydrate levels were observed with T 4 treatment in both experimental years. The maximum soluble sugar content was found to be 10. (Table 4) . Results revealed that combined application of PGPR with chemical fertilizer promoted the level of total protein content in leaves when compared to control. Nitrogen is required by plants in comparatively larger amounts than other elements. Nitrogen is also the main component for protein biosynthesis. Biofertilizers probably encourage the good and positive supply of nitrogen uptake for plants. These are very useful because PGPR fix atmospheric nitrogen in the soil that's might be the reason for increased protein content in leaves. Our findings were similar with the earlier findings of Selvakumaret al. (2009) .
The level of protein in different time interval (30 DAS -60 DAS) showed significant (p<0.05) difference in the treatments T 1 , T 2 , T 3 , and T 4 with T 5 separately. It is interesting to note that combined bacterial treatment has always significantly (p<0.05) different from T 5 .
Proline Content in Leaf (mg/g)
It is well established that proline can accumulates in plant species in response to environmental stresses (Ozturk and Demir, 2002 ). There was a significant (p<0.05) level of variation in the proline content of leaves of five different fertilizer treated mustard crop (Table 5) (Table 5) . Chemical fertilizer treated crop showed maximum levels of proline accumulations during both experimental years. It is probably due to the higher accumulations of chemical fertilizers in plant tissues. Biofertilizer treatments in combination with chemical fertilizers showed much lower proline accumulations may be because osmotic balance of the crop plants resulting into significant variation in the level of proline in leaves (Banerjee et al., 2012b) .
The level of prolin content in different time interval (30 DAS -60 DAS) showed significant (p<0.05) difference in the treatments T 1 , T 2 , T 3 , and T 4 with T 5 separately in the physiologically active leaves of mustard during 2011-2012 and 2012-2013 except at 45 DAS during 2011-12.
CONCLUSION
Our present investigation revealed that, based on the biochemical constitutes of the plant leaf, the best treatment was T 4 [Pseudomonas putida + Burkholderia cepacia + Burkholderia sp. + 25% reduced dose of chemical nitrogen fertilizer (75 kg ha −1 N: 50 kg ha −1 P: 50 kg ha −1 K)] out of the five applied combination treatments under this old alluvial soil agro-climatic zone. The mustard cultivar B 9 can be cultivated for a better yield of mustard with this treatment combination as the biochemical contents represent the metabolism, growth and yield of a crop plant. The mixed biofertilizer was more effective than other three indivisual biofertilizers, whch may due to the synergistic interactions exists between the applied microorganisms. Throughout the study it was found that, individual bacterial inoculum with 25% reduced dose of chemical N-fertilizer significantly enhanced overall plant biochemical contents. This means 25% nitrogen fertilizer dose can easily be supplemented by natural resource to make mustard cultivation more productive over a long period toward achieving the ultimate goal of sustainability in mustard cultivation. It was also found that the amounts of biochemical contents were enhanced in the second experimental year in all the studied parameters. The reason may probably that biofertilizers restore the soil natural nutrients status and balance the nutrient level of soil as well as soil health. The wide scale application of PGPR may decrease the global dependence on agricultural chemicals.
Therefore, it can be suggested that judicious use of chemical fertilizer can lead toward increase in yield under this agro-climatic condition of the old alluvial soil of West Bengal, India. This type of practice can, therefore, be applied in the field for commercial scale of crop production with less environmental pollution with good economic returns.
